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Objective: To verify the decrease of susceptibility t o  ciprofloxacin in Neisseria gonorrhoeae, determine the size of the 
recently reported new P-lactamase plasmid and explain the high prevalence of penicillinase-producing Neisseria 
gonorrhoeae (PPNG). 
Methods: Gonococci were isolated from prostitutes in Korea. Antimicrobial susceptibility was tested by NCCLS disk 
diffusion and agar dilution methods. Plasmid was isolated by an alkaline lysis method. Patterns of Nhel-digested 
genomic DNA were compared after pulsed-field gel electrophoresis (PFGE). 
Results: The minimum inhibitory concentration of ciprofloxacin for 50% of the isolates rose from 0.015 mg/L in 1993 
to  0.12 mg/L in 1996. The proportion of PPNG remained at 70% or over during the 5-year period. The size of a novel 
P-lactamase plasmid, first reported in 1994, was determined to  be approximately 3.2 MDa, and 48% of the PPNG isolates 
contained it. Twelve of 50 isolates had the same PFGE pattern and nine others another pattern. 
Conclusion: The rapid decrease of fluoroquinolone-susceptible gonococci suggests that in the near future the drug 
may become less useful for gonorrhea treatment. The new 3.2-MDa plasmid may have been introduced as a result of 
the recent increase in overseas travel. The PFGE pattern suggests that high prevalence of PPNG may be due to 
dissemination of a few resistant clones among the high-risk groups. 
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INTRODUCTION 
Neisseriagonorrhoeae remains a frequent cause of sexually 
transmitted disease worldwide. The antimicrobial resist- 
ance of gonococci is a major obstacle in the control of 
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gonorrhea [l]. Gonococci are constitutively competent 
to uptake both plasmid and chromosomal DNA 
[2]. Therefore, we should expect to observe resistant 
gonococci when selective pressure of antimicrobial 
agents exists. 
Resistant gonococci were very prevalent in 
Southeast Asia and Japan [3]. The failure of penicillin 
therapy of gonorrhea occurred in 1958 in Korea [3], 
when the resistance was not well recognized in other 
countries [4]. After the first strain of penicillinase- 
producing N. gonorrhoeae (PPNG) in Korea was isolated 
in 1979 [S ] ,  the proportion steadily increased to reach 
over 30% in the early 1980s among those strains isolated 
from patients in a general hospital [6] and those from 
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men in a sexually transmitted disease clinic [7]. The 
proportion of PPNG was also high among strains 
isolated from US Army personnel in Korea [8] .  
Recent surveillance of the susceptibility of the 
strains by the disk diffusion test showed that the 
resistance pattern of the strains from the prostitutes in 
Korea was somewhat different from that in the rest of 
the western Pacific region: continued high prevalence 
of PPNG strains and scarcity of high-level tetracycline- 
resistant strains [9]. As in other countries [l], a rapid 
decrease of ciprofloxacin-susceptible strains was noted, 
but the result has not yet been confirmed by dilution 
In contrast to the patterns in other Asian countries, 
only the 4.4-MDa p-lactamase plasmid was reported in 
Korea, until the presence of a smaller plasmid was 
reported in 1994 [lo], requiring confirmation of the 
finding. I n  Germany, pulsed-field gel electrophoresis 
(PFGE) analysis of genomic DNA of PPNG suggested 
that a restricted number of clones was spread through- 
out the prostitute population [ll]. In Korea, the main 
source of gonorrhea was considered to be prostitutes, 
but there has not been such molecular epidemiologic 
analysis of the isolates by the recently available PFGE 
technique. 
The aim of this study was to verifi, by the agar 
dilution test, the decreased susceptibility of gonococci 
to ciprofloxacin and the scarcity of high-level 
tetracycline-resistant A! gonorrhoeae (TRNG), to deter- 
mine the size of the recently recognized P-lactamase 
plasmid, and to investigate, by the PFGE pattern of 
endonuclease-digested genoniic DNA, the possibility 
that the high prevalence of PPNG strains is due to 
the spread of a limited number of related clones from 
prostitutes. 
test. 
obtained from Becton Dickinson (Cockeyville, MD, 
USA). 
The strains which were kept frozen in skimmed 
milk were used for agar dilution testing [14]. The 
antimicrobial agents used were: penicillin G (Sigma 
Chemical Co., Saint Louis, MO, USA), ceftriaxone 
(Hanmi Pharmaceutical, Seoul, Korea), spectinomycin 
(Upjohn Co., Kalamazoo, MI, USA), tetracycline 
(Pfizer Korea, Seoul, Korea), and ciprofloxacin (Miles 
Pharmaceutical, West Point, CT, USA). Inocula were 
prepared from overnight culture on chocolate agar and 
diluted to obtain approximately 10' CFU when 
inoculated with a Steers replicator (Craft Machine Inc., 
Woodline, PA, USA). The inoculated plates were 
placed in a 5% CO2 incubator at 35°C for 24 h before 
the results were read. N. gonorrhoeae ATCC 49226 was 
used for quality control. 
Plasmid isolation and PFGE 
Plasmids were isolated by the alkaline lysis method [ 151 
and the size was estimated by comparing the electro- 
phoretic mobility with those of Escherichin coli V517. 
For PFGE, the method ofBirren and Lai [16] was used 
with some modifications. Briefly, to prepare the plugs, 
one loopful of the cells grown overnight on chocolate 
agar was suspended in 1 mL of saline EDTA solution. 
The genomic DNA was digested with NheI (Takara, 
Tokyo, Japan) for about 18 h at  35°C. A CHEF D R  I1 
instrument (Bio-Rad, Hercules, CA, USA) was used to 
separate the fragments, with switch times of 0.5 s and 
54 s and a running time of 20 h at 6 V/cm. The band 
patterns were compared according to the recorn- 
mendations of Tenover et a1 [17]. 
MATERIALS AND METHODS 
Gonococcal isolates 
The gonococci used for this study were isolated from 
proctitutes who attended the control program of 
sexually transmitted disease in Seoul, Korea, 1992-97. 
Modified Thayer-Martin medium was used for the 
isolation, and the species identification was based on 
morphology and conventional cultural and biochemical 
tests 1121. 
Susceptibility testing 
The NCCLS disk diffusion susceptibility [13] was 
tested immediately after the isolation. GC I1 agar base 
supplemented with 1 "/o IsoVitaleX (Becton Dickinson, 
Cockeyville, ML), USA) was used for susceptibility 
testing. Antimicrobial disks and P-lactamase disks were 
Susceptibility 
Among the 754 strains of gonococci isolated in 1992- 
96, 70-76% were PPNG (mean 71.4%), depending on 
the year of isolation (Table 1). The disk test showed that 
all of the isolates were susceptible to ceftriaxone and to 
spectinomycin, but none were susceptible to penicillin 
G and to low-level tetracycline. The proportion of 
T K N G  strains was 2.8%. Over the years, the rates of 
susceptibility to these antimicrobial agent5 remained 
similar; however, a marked decrease of ciprofloxacin- 
susceptible isolates was noted, from 91% in 1992 to 
46%) in 1996. 
The agar dilution test showed that the MIC range, 
MICj,, and M I C ~ O  of penicillin G, ceftriaxone and 
tetracycline for the strains isolated in 1993 were similar 
to those in 1996 (Table 2). MIC ranges and MICm 
values of ciprofloxacin for both of the strains isolated 
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Table 1 Antimicrobial susceptibility of N. gonorrhoeae tested by &sk &&sion test 
% of isolates with: 
Penicillin Tetracycline Ciprofloxacin 
Year 
(No. of isolates) I R PPNG I R T R N G  S 
~ 
1992 (43) 16 84 70 7 93 5 91 
1993 (225) 10 90 71 <1 100 7 76 
1994 (192) 12 88 70 i l  100 2 68 
1995 (95) 10 90 70 0 100 0 58 
1996 (199) 10 90 70 <1 100 1 46 
Average 11 6 8 8 4  71 4 1 0  986  300  67 8 
PPNG, pemcillinase-producing N. gonorrhoeae; TRNG, high-level tetracycline-resistant 
N. gonorrhoeae; S, susceptible; I, intermediate; R, resistant. 
All of the isolates were susceptible to ceftriaxone and all isolates tested for spectinomycin in 
1995 and 1996 were susceptible. None of the isolates were susceptible to penicillin G, 
i.e. they were either P-lactamase producers or had altered penicillin-binding proteins. 
Table 2 Antimicrobial susceptibility of N. gonorrhoeae isolated in 1993 and 1996 by agar dilution test 
~ ~ ~~ 
MIC (mg/L)” % ulth 
Antimcrobial Year 
agents (No. of isolates) Range 50% 90% S I R 
~~ ~~ ~ ~ _ _ _ _ _  ~_______ 
Penicillin G 1993 Nan-PPNG (24) 0.5-2 2 2 0 42 58 
1996 Nan-PPNG (13) 0.12-2 2 2 0 42 58 
0 100 
PPNG (24) 64 to 2128 2128 2128 . 0 0 100 
PPNG (29) 16 to 2128 2128 2 128 0 
Ceftriaxone 1993 (48) 50.008-0.25 0.03 0.12 100 NA 0 
1996 (43) ~ 0 . 0 0 8 4 . 1 2  0.03 0.06 100 NA 0 
Spectinomycin 1996 (43) 8 4 4  16 32 100 0 0 
Tetracycline 1993 (48) 2-16 8 8 0 0 100 
Ciprofloxacin 1993 (48) 50.008-1 0.015 0.5 73 23 4 
1996 (43) 10.008-1 0.12 0.5 39 59 2 
1996 (43) 1-16 4 8 0 2 98 
a 50% and 90%, MICs at which 50% and 90% of isolates, respectively, were inhibited. 
S, susceptible; I, intermediate; R. resistant; NA, not applicable; PPNG, penicillinase-producing N. gonorrhoeae. 
<0.008 0.015 0.03 0.06 0.12 0.25 0.5 1 
Ciprofloxacin (mg/L) 
1 2 3 4 5 6 7 8 9  
Figure 1 Cumulative percentage of N gonorrhoeae isolates 
inhibited by ciprofloxacin. Although MIC ranges were the 
same for the isolates in 1993 and 1996, as the lowest 
concentration tested was 0.008 mg/L, an increase of MICso 
from 0.015 mg/L to 0.12 mg/L was noted, resulting in a 
decrease of susceptible isolates from 73% to 39%. 
Figure 2 Plasmid profile of PPNG strains showing 
4.4-MDa (lanes 1-4, 6, 7) and 3.2-MDa (lanes 5 and 8) 
P-lactamase plasmids and 24.5-MDa conjugative plasmid 
(lanes 2, 5-7). Lane 9 is Escherichia coli V517 plasmid size 
marker. 
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Table 3 Plasmid profile of penicillinase-producing 
A' gonorrboeae isolated in 1993 and 1997 
Table 4 Predominant PFGE patterns of endonuclea$e- 
digested genomic DNA of 'V gonorrboeae 
%I of isolates with indicated plasmid No. ("h) of isolates with PFGE pattern 
Year of No. of  isolate^ (No. of isolates) CI-CJ G1-G4 Others 
isolation tested 24.5 4.4 3.2 2.6 
(MDa) Organism 
PPNG (44) 7 (16) 22 (50) 1.5 (34) 
1993 114 75.4 49.1 30.9 100 Nan-PPNG (13) 6 (46) 4 (31) 3 (23) 
1997 16 75.0 75.0 25.0 100 Total (57) 13 (23) 26 (46) 18 (32) 
Average 130 75.2 62.1 38.0 100 
kb 
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Figure 3 PFGE separation of NlieI-digested chromosomal DNA of 
N gonorrboeae. Patterns for only 11 strains are shown. Molecular markers 
are chromosome of Saccbaromyces cerevisiae (lane 1) and concatemers of 
h phage DNA (lane 13). 
in 1993 and 1996 were equal, 50.008-1 mg/L and 
0.5 mg/L, but MIC5o values were 0.015 mg/L and 
0.12 mg/L, respectively. The ciprofloxacin-susceptible 
isolates decreased from 73% in 1993 to 39% in 1996, 
but resistance rates remained similar, 4% and 2%, 
respectively (Table 2; Figure 1). 
Plasmid profile 
b-Lactamase plasmids of 4.4 MDa were detected from 
68 (52.3%) of the 130 PPNG strains isolated in 1993 
and 1997. The smaller P-lactamase plasmid found in 
the rest of the PPNG strains (62; 47.7%) was estimated 
to be 3.2 MDa. Among the PPNG strains, 98 (75.4%) 
also carried 24.5-MDa plasmids (Table 3; Figure 2). 
PFGE 
Fifty-seven isolates were tested for PFGE patterns of 
MzeI-digested genomic DNA (Figures 3 and 4). Twelve 
isolates (lane 13; G1; 10 PPNG and two non-PPNG) 
showed one pattern, and nine isolates (lane 9; C1; four 
PPNG and five non-PPNG) the other pattern (Table 
4). When subtypes were included together, 26 (46%, 
lanes GI-G4) and 13 (23%; lanes Cl-C4) of the strains 
were considered to be closely related. 
DISCUSSION 
None of the strains tested in this study showed 
susceptibility to penicillin G disks; that is, they were 
either intermediate or resistant (Table 1) .  Among 
the penicillin-non-susceptible isolates, 7 1.4% were 0- 
lactamase producers. Therefore, the resistance of the 
remaining strains was probably due to altered penicihn- 
binding proteins. Gonococci were extremely susceptible 
to various antimicrobial agents, including penicillin G. 
In Korea, treatment failure of gonorrhea began to 
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Figure 4 A schematic presentation of PFGE patterns of NheI-dlgested genomic DNA of N gonorrhoeae 
Prevalent patterns were G1 (lane 13; 14 isolates) and C1 (lane 4; nine isolates). When subtypes were 
included together, 26 (46%; GlLG4) and 13 (23%; Cl-C4) of the strains were interpreted to be closely 
related clones. 
appear in the late 1950s [3], but such reports were not 
well accepted [4]. In 196647,  only 7.7% of the strains 
isolated from prostitutes were inhibited by 0.06 mg/L 
penicillin G [18]. PPNG, which began to be isolated 
in 1979, became very prevalent. Among the strains that 
were mostly from women patients in a general hospital, 
the proportion became 34% in 1982 [6], while among 
those from male patients in a sexually transmitted 
disease clinic, the rate rose to 43% in 1985 [7]. Among 
the isolates from US Army personnel in Korea, a rate 
of 46% was reported in 1982 [8]. In Korea, the main 
source of male gonorrhea was considered to be 
prostitutes. Therefore, it may not be unusual that the 
proportions of PPNG strains from the three sources 
were similar. 
The proportion of PPNG was high in many Asian 
countries compared to that in the USA and some other 
regions of the world [9,19]. However, decreases of 
PPNG have been reported in some countries: from 
71% in 1983 to 28% in 1990 in Bangkok, Thailand 
[20], a dramatic decrease from 25.5% in 1993 to 4.3% 
in 1994 in Hong Kong [21], and a decrease to 2.5% in 
Japan [22]. In the USA the proportion of PPNG 
decreased from 11% in 1991 to 2.1% in 1994 [19]. The 
decrease was considered to be due to the use of drugs 
other than penicillin for the treatment of gonorrhea. 
Also, it was suggested that use of fluoroquinolone 
possibly cured P-lactamase plasmids [ 191. Among the 
isolates with ciprofloxacin MICs 20.125 mg/L, 9% 
had plasmid-mediated resistance to penicillin or tetra- 
cycline, compared to 16.2% of the ciprofloxacin- 
susceptible isolates [19]. In Korea, fluoroquinolone 
became widely used for various infections, but the 
proportion of PPNG remained high, as was the case 
in the Philippines and Singapore, where the rates were 
76% and 54%, respectively, in 1996 [9]. Self-medication 
among sex industry employees in the Philippines was 
cited as a significant factor in fostering antibiotic resist- 
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ance [23]. The situation should be similar in Korea. It 
may be interesting to observe future trends of preva- 
lence of PPNG and fluoroquinolone-resistant strains. 
Spectinomycin was first used on a wide scale in 
Korea and in the Philippines in 1981 as the primary 
drug for treatment of gonorrhea [23]. In this study, all 
of the gonococci isolated during 1992-96 were sus- 
ceptible to spectinomycin, while none of them were 
susceptible to tetracycline. In the USA, Fox et a1 [191 
reported that ceftriaxone MICW, MICoo and MIC 
range did not change over time, although strains for 
which the MIC was >0.25 mg/L were noted. In our 
study, the MIC range of ceftriaxone was similar to those 
in the USA, but isolates for which the MIC was 
>0.25 mg/L were not found. Therefore, in Korea, 
either spectinomycin or ceftriaxone may be used when 
the susceptibility of the isolate to other antimicrobial 
agents is unknown. 
Fluoroquinolone is a very active drug against 
gonococci and is the recommended drug for the treat- 
ment of uncomplicated gonorrhea in the USA [24]. 
However, reports of failure of ciprofloxacin therapy in 
male urethral gonorrhea began to appear [l]. When 
250 nig ciprofloxacin was used to treat gonorrhoea, 
strains with MICs of 0.06-0.25 mg/L were isolated 
from infections that did not respond to treatment [l]. 
Rapid increases of strains with intermediate resistance 
have been reported from many countries. In 1994-95, 
the proportions of strains exhibiting decreased suscepti- 
bility to ciprofloxacin were approximately 36%, 54% 
and 22% in Hong Kong, the Philippines, and Thailand, 
respectively [ 11. 
The disk test has been used for the surveillance of 
ciprofloxacin-resistant gonococci in the Western 
Pacific region [9]. In our study too, a rapid decrease of 
susceptible isolates from 91% in 1992 to 46% in 1996 
was noted. However, as the resistance breakpoint was 
not decided until 1995 [25], and as the disk test may 
not discriminate resistant and intermediate strains, in 
this study the susceptibilities of some of the isolates 
were tested by the agar dilution method. Recent 
reports showed that, in Hong Kong, the strains resistant 
to 0.1 mg/L fluoroquinolone increased to 85.2% in 
1994 [21], while in Japan the MIC9o has recently 
increased 8-16-fold [221. In our present study, the 
susceptible strains decreased from 73% in 1993 to 39%) 
in 1996, which is not significantly different from results 
obtained by disk test. However, most of the non- 
susceptible strains were intermediate, and only 4% and 
2% of the isolates, respectively, were resistant, in con- 
trast to the rate of 16% obtained by the disk test [9]. In 
our study, all of the isolates were inhibited by 5 1  mg/L 
ciprofloxacin, while in Japan and in other countries an 
MIC of up to 8 mg/L has been reported [l]. 
Evolution of p-lactaniase genes carrying plasmids 
has been known [26]. It  was considered that the 4.4- 
MDa plasmid is the Asian type and the 3.2-MDa 
plasmid the African type. Interestingly, in Korea, only 
the 4.4-MDa plasmid had been reported [27] until 
another plasmid was reported in 1994 [lo]. To confirm 
the presence of the new plasmid, we tested more strains 
and found that the size was approximately 3.2 MDa, 
rather than 3.02 MDa. A significant proportion of the 
PPNG strains carried the plasmid. In the Philippines, 
the 3.2-MDa plasmid was known to be prevalent, while 
in Taiwan the 3.05-MDa plasmid was reported [28]. 
The presence of the 3.2-MDa plasmid niay suggest that 
the type was introduced as a result of the frequent 
traveling of Korean people, especially to Southeast Asia, 
since the early 1990s. 
In Frankfurt, Germany, PFGE analysis suggested 
that a restricted number of resistant gonococcal strain5 
were spread throughout the prostitute populations [l  11. 
Our PFGE pattern of the endonuclease-digested geno- 
mic DNA of gonococci from prostitutes showed that 
two clones were predominating. This may suggest that 
the continued high prevalence of PPNG among the 
strains isolated from a male sexually transmitted disease 
clinic 171 and those isolated mainly from female patients 
in a general hospital 161 is due mostly to the spread of 
a few resistant clones from the prostitutes. 
In conclusion, in Korea, the continued prevalence 
of PPNG and recent increases in strains with inter- 
mediate resistance to fluoroquinolones may suggest 
difficulties in the treatment of gonorrhea in the future 
with both of these drugs. The recently found PPNG 
strain with the 3.2-MDa plasmid may have been 
introduced by travelers, and the prevalence of strains 
with related PFGE patterns suggests the dissemination 
of a few resistant clones among high-risk patients and 
prostitutes 
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